Enhanced oxidative damage in human cells harboring A3243G mutation of mitochondrial DNA: implication of oxidative stress in the pathogenesis of mitochondrial diabetes.
Mitochondrial oxidative phosphorylation and the ATP production in pancreatic beta cells play significant roles in insulin secretion in response to glucose and other nutrients. An A to G mutation in the tRNA(Leu(UUR)) gene at nucleotide position (np) 3243 of mitochondrial DNA (mtDNA) has been observed in patients with MELAS syndrome and mitochondrial diabetes. Recently, some patients with mitochondrial diabetes associated with the A3243G mtDNA mutation were found to respond to coenzyme Q10 therapy. Thus, we investigated oxidative stress and peroxidative damage in a series of cybrids carrying either the wild-type adenine or the mutant-type guanine at np 3243 but having otherwise identical mtDNA sequence. The cybrids harboring >90% of the A3243G mutant mtDNA were found to have significantly lower oxygen consumption rate and electron transfer activities, and thereby had lower ATP/ADP ratios and declined energy charge. Importantly, the defective respiratory function elicited by the A3243G mtDNA mutation caused an increased oxidative stress as indicated by the decreased GSH/GSSG ratio and enhanced oxidative damage to lipids. Moreover, the cybrids harboring high proportions of the A3243G mtDNA mutation were found to be much more vulnerable to an exogenous oxidant, tert-butylhydroperoxide. We thus suggest that enhanced oxidative damage and elevated oxidative stress contribute to the decline of mitochondrial function and may be involved in the initiation and progression of the MELAS syndrome and mitochondrial diabetes.